Fever often occurs in cancer patients and the possibility of having a reliable marker for the differential etiological diagnosis is desirable. The aim of this study was to investigate the eligibility of the use of procalcitonin (PCT) in hemato-oncological patients for the differential diagnosis of fever. We prospectively enrolled 98 cancer patients and divided them into two groups: those with active disease and those with non-active disease. Procalcitonin was dosed at Time 0 (recruitment) and at the onset of fever. On enrollment, PCT values were 0.1 ng/mL in 83% patients with active disease, and lower than 0.5 ng/mL in 23%, which is usually considered not suggestive of bacterial infection. Four percent of patients had values over 0.5 ng/mL and these were mainly patients with neuroendocrine tumors or affiliates. On enrollment, there were also no statistically significant differences in PCT values between the two groups of patients. This showed that active cancer is unable by itself to change PCT levels. In the active disease group, 21 episodes of fever due to bacterial infection were registered, and in all of them an increase in PCT values was observed. This demonstrates the ability of PCT to detect an infection-induced fever in cancer patients. Procalcitonin concentrations are not significantly altered by active neoplastic disease. On the contrary, in the course of fever due to a bacterial infection, PCT values increase and can, therefore, be considered a useful tool in the differential diagnosis between infection-induced fever and drug-related or tumor associated-fever. Procalcitonin may be a useful marker of bacterial infection even in cancer patients.
Introduction
Patients affected by either hematologic or solid malignancy may present sporadic or persistent fever, especially during chemotherapy treatment (well known for its immunosuppressive induced status) or in the later stages of the disease. Moreover, these patients are potential candidates for the development of very severe infections. Therefore, fever in such patients is extremely common and can have various causes that are not always easy to recognize, e.g. infections, tumor-associated, drug-related, or of unknown origin. 1 It would be extremely risky and potentially fatal to continue chemotherapy without treating an infection, whereas it would be unappropriate to discontinue chemotherapy in the event of a tumor-related fever since the treatment of choice would be based on steroids. Procalcitonin (PCT) is a protein which is produced by C cells in the thyroid gland and then converted into its active form, calcitonin. Its plasma concentration levels increase drastically during bacterial infection. 2, 3 For this reason, PCT can be considered a promising marker for detecting a bacteremia. The use of PCT as a marker of bacterial infection has been demonstrated and validated by several studies, especially in the event of severe sepsis, septic shock and in lower respiratory tract infection. [4] [5] [6] [7] Data are not so convincing and sometimes even become controversial when applied to other pathological areas, such as oncology. When it comes to cancer, each clinical situation differs from another, depending on the kind of tumor, its histology, and the treatment received or ongoing for the malignancy. It becomes, therefore, difficult to choose how best to use a marker such as PCT. In this study, we first assessed PCT levels in a group of oncology patients without fever in order to see if the cancer itself, whether in remission, metastatic or in the active phase, could alter this test and, therefore, make PCT inadequate for discriminating be- tween fever related to a bacterial infection and fever that is tumor-induced. The second aim of our study was to verify if there was any significant differences between PCT values within two groups of patients: one in the remission phase and one in the active phase.
Finally, our last aim was to test whether PCT could be a marker for fever related to a bacterial infection in patients with fever and active malignancy.
Materials and Methods

Study design
In order to assess whether cancer could per se affect the results, procalcitonin levels were first assessed in a group of oncology patients without fever. We then examined whether there were any significant differences in procalcitonin values between two groups of patients: active versus non-active phase. Finally, we evaluated whether procalcitonin could be a marker of bacterial infection in patients with fever and active malignancy.
From July 2009 to October 2010, we carried out a prospective evaluation of 98 patients who came to the Oncology Day Hospital of Scandiano, Reggio Emilia, northern Italy.
Study population
We enrolled patients who fell into one of 2 categories: i) active disease group: including patients with first diagnosis, a relapse of malignancy or with metastatic localization irrespective of whether they were undergoing chemotherapy or palliative care treatment; ii) non-active disease group: including patients in post-treatment follow-up surveillance without any clinical or radiological signs of active disease.
Patients presenting with fever or any clinical complications (such as distal deep vein thrombosis) or already taking antibiotics were excluded from the study.
This study was carried out in accordance with the ethical standards established by the Declaration of Helsinki, and informed consent was obtained from all participants before enrollment in the study.
Study protocol
A blood sample to evaluate PCT and C-reactive protein (CRP) values, a hemoculture and a urine culture were taken from each patient at enrollment (Time 0). A chest X-ray and an abdominal ultrasound were also carried out.
Follow up
In the event of onset of fever (>38°C for at least 24 h) a PCT, CRP assay and two blood cultures were performed. The hemocultures were taken either from two different peripheral veins or from a central vein in those patients with a Port-a-Cath device. Imaging or other laboratory tests were performed according to symptoms and physical examination. Therefore, a urine culture was taken in case of dysuria, while a chest X-ray was performed in the presence of dyspnea or coughing, and an abdominal ultrasound was performed in case of gastrointestinal symptoms. Based on clinical and laboratory examination, empirical antibiotic therapy was prescribed if there was suspicion of bacterial infection or steroid therapy if the diagnostic orientation was one of a paraneoplastic fever.
Normal range
PCT values were considered normal up to 0.1 ng/mL; upper limit of normality for CRP was 0.5 mg/dL. PCT values over 0.5 ng/mL were considered suggestive of bacterial infection, as in most trials.
Quantitative determination of procalcitonin
We used the Liaison Brahms PCT analyzer [DiaSorin, Saluda (VC), Italy] as assay technique to determine PCT values. Sensitivity range varied from 0.1 to 500 ng/mL.
Statistical analysis
Data are presented by descriptive statistical methods: means, percentages range, box plots. Statistical data from the two patients' groups were compared using Student's t-test.
Results
Patients' characteristics
The active disease group was made up of 76 patients: 44 females and 32 males. Median age was 65 years (range 35-88). Six patients suffered from hematologic disease. The remaining 70 patients were affected by a solid tumor, essentially in advanced stage. Colorectal cancer was the most represented, followed by breast cancer and small cell lung carcinoma. Five patients were enrolled at diagnosis, seventy were undergoing chemotherapy treatment and one patient was receiving palliative care ( Table 1) .
The non-active disease group was made up of 22 patients: 17 females and 5 males. Median age was 63 years (range 35-86). One patient presented a hematologic disease while the remaining had a solid tumor (Table 2) .
Procalcitonin and C-reactive protein values
The mean baseline PCT in patients with active disease was 0.15 ng/mL (range 0.1-1.19). Eighty-three The comparison between the two groups (patients with active and patients with non-active disease) showed no differences in baseline PCT, while there was a statistically significant difference between baseline CRP values (P<0.01). There was no statistically significant correlation between PCT and CRP levels in both groups of patients (P=0.05).
Analysis of febrile episodes
Twenty-one out of the 76 patients (28%) with active cancer developed fever. In 90% of the cases, a bacterial cause was identified. The main sites of infection were: urinary tract (33%), pneumonia (24%), and documented septicemia (21%).
The average PCT value found during febrile episodes due to a bacterial infection was 5.73 ng/mL (range 0.1-66.71), while the CRP average value was 10.2 mg/dL (range 0.34-32.32), i.e. 20 times over the upper limit of normal.
Hemocultures resulted positive in 30% of cases.
Microorganisms identified were: Gram positive (+) in 3 cases (n=2 coagulase -Staphylococcus epidermidis, n=1 Staphylococcus hominis -Streptococcus pneumoniae); Gram negative (-) in 2 cases (n=1 Acinetobacter, n=1 Pseudomonas aeuruginosa); and one Enterobacter aerogenes (anaerobic).
Discussion
Basal procalcitonin values and cancer
The first aim of our study was to assess PCT baseline levels in patients with active cancer. Among the few studies that have evaluated basal levels of PCT in active cancer patients, that published in 1989 by Ghillani showed high levels of PCT, but not of calcitonin, in neuroendocrine tumors and in hepatocellular carcinoma. 8 However, the immunoradiometric method used to assay PCT resulted less accurate than the test currently performed. In 2008, a prospective study on 61 patients with a predominance of hematologic malignancy was published by Prat et al. 9 In these patients, baseline PCT levels were similar to those found in healthy control. In August 2010, a group of Swiss researchers published a prospective trial which involved 447 patients with solid tumors. In this study, all subjects, regardless of the stage and spread of disease, presented PCT values below 0.5 ng/mL. The strength of this trial lies in its very strict inclusion criteria. Neuroendocrine tumors or equivalent (e.g. small cell lung), patients with severe renal failure, probable septicemia, and high CRP values were excluded. Moreover, in those patients in whom the suspicion of either an active infection or an inflammation could not be ruled out, positron emission tomography was performed. Therefore, the authors had concluded that there was no evidence of cancer having the potential to significantly alter PCT levels. 10 The results collected in our observational study seem to demonstrate that tumors, whether solid or hematologic and even in the metastatic stage, do not increase PCT values. Furthermore, we observed that in oncological patients with active disease, PCT values are, in most cases, equal to 0.1 ng/mL. This cut-off value is even stricter than that used by Giovanella et al. 10 In fact, some bacterial infections, especially those caused by an atypical germ, are known to induce a less obvious rise in PCT level, within a range of 0.2-0.5 ng/mL.
PCT values over the negativity cut-off limit of 0.1 ng/mL have been found in patients with both small cell and non-small cell type lung cancer, as in results in the literature and the exclusion criteria presented in the Swiss group study.
Procalcitonin levels and metastatic cancer
The second aim of the study was to assess whether there was a significant difference in PCT values between two groups of patients: those with non-active cancer and those with metastatic or active disease. A literature review found few data and these were very old (e.g. Ghillani et al., in the late 1980s). 8 Only recently, Matzaraki et al., in contrast to past evidence, have reported a significant increase in PCT in a very small group of patients all with widespread metastatic disease. 11 In our study, the active disease group was numerically bigger (n=76 subjects). Even though, within this group, we did not differentiate between those with widespread disease and those with local active disease, the mean PCT value and the percentage of subjects with a PCT higher than the cut-off level were similar to those registered in the non-active group. In the active disease group, the PCT value at baseline was 0.15 ng/mL, while in the non-active Use of procalcitonin for the differential diagnosis of fever in cancer patients o n l y group, this was 0.10 ng/mL, with no significant difference between the two. Therefore, based on these data, we can argue that PCT levels do not rise or alter in the majority of tumors, except in the already mentioned neuroendocrine tumors and affiliates.
Use of procalcitonin in the differential diagnosis of fever in cancer patients
We have noted that the majority of cancer patients, whether with local or widespread active disease, show advanced or baseline PCT values that are only minimally altered, if at all. This makes PCT a suitable candidate to be used in the differential diagnosis of fever in neoplastic patients. This has been widely investigated in literature. Except for only two works which have presented negative results, 12, 13 most of the trials published in recent years have shown several favorable outcomes.
In a prospective study of 111 patients with hematologic disease, Schuttrumpf et al. described high PCT levels in patients with fever related to a documented bacterial infection, while PCT values were within the normal range in those patients with drug-related or tumor-associated fever.
14 The results of AznarOroval's group's study on 79 patients with neoplasia, published in September 2010, are also in line with previous findings. 15 Several studies have also focused on testing the effectiveness of measuring PCT values in helping the differential diagnosis of fever in cancer patients with neutropenia as a consequence of both a hematologic disease and/or a chemotherapy. 9, [16] [17] [18] Jimeno et al. reported 104 consecutive febrile episodes in neutropenic patients. It was seen that, in bacterial infections, an increase in PCT value was well above that registered in patients both with non-infection fever and in those with only the clinical suspicion without microbiological confirmation. 19 Similar data were published by the group of von Lilienfeld-Toal, even if a lower number of febrile episodes were observed and only in patients with hematologic malignancy. 20 More recently, Massaro has confirmed these same findings and has also shown once again the very low specificity of CRP assay in this kind of patient. 21 The third aim of our study was to investigate whether PCT could be considered a reliable marker of fever due to bacterial infection in patients with active cancer. From July 2009 to September 2010, we observed 19 cases of fever of bacterial etiology and all of them showed an increase in PCT values of up to 60 times the upper limit of normal. The small number of patients who developed fever did not allow adequate statistical analysis to be carried out, but the descriptive data observed are fully consistent with those reported in most of the scientific literature. We have also seen that, during sepsis, CRP values increased significantly (up to 20 times the upper limit of normal). By combining CRP values with PCT values, we can argue that during bacterial fever a parallel increase of both these two markers can be expected. On the contrary, in the presence of fever of non-bacterial origin, CRP values tend to rise much more than PCT levels. Moreover, CRP values can show a slight increase in those patients without fever but with active neoplasia, while PCT values in these same patients do not present any change. More research on the combined use of different markers for the differential diagnosis of various clinical situations (such as fever or dyspnea) is needed.
Conclusions
This study had some limitations, i.e. it was an observational study and involved only a limited number of patients (although more than those in other published studies). In spite of this, our study represents a small, but significant, contribution to support a more extensive use of PCT in oncology. It also allows some interesting observations to be made. Its main finding was the substantial negative values of PCT in cancer patients without an infection. Given this, we can argue that a baseline PCT level assay should be carried out in a subject with neoplasia on presentation. This could then be useful during the patient's follow up, especially when he or she develops a fever. In fact, if a fever occurs, any rise in PCT value can then be demonstrated, and this might become a key factor in recognizing a potential bacterial infection. On the contrary, it could also allow us to exclude a microbiological cause, and would, therefore, help the clinical team to provide the most appropriate therapy. As observed in several works of literature, as well as in our study, subjects affected by either neuroendocrine tumors or affiliates (small cell lung cancer in particular) should not be considered according to this train of thought because of their false positive baseline PCT values which are related to the tumor activity itself. Finally, even a single assay, such as PCT, must always be considered within the clinical setting first. Therefore, this marker has to be viewed as an additional tool to use in the differential diagnosis of fever in those particularly difficult conditions such as fever in cancer patients. 
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